exists between maximum eigenvalue and eigenvector of the transfer matrix for the ferroelect r i c two-dimensional model15 and the groundstate eigenvector for the one-dimensional anisotropic Heisenberg chain.
It appears from our work that the transverse field changes the critical temperature without changing the critical behavior until the critical field is reached, when there is a sudden change in the critical behavior s t T = O which becomes 'P. G. de Gennes. Solid State Commun. 1. 132 (1963 130, 890 (1963) .
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"H. Falk and L. Bruch, Phys. Rev. 180, 442 (1969 Transient absorption spectra produced by pulsed electron excitation at low temperature have been identified as due to transitions originating in the lowest triplet states of the self-trapped exciton. The current model, comprising an electron plus a self-trapped hole, i s shown to provide electronic configurations for the higher excited states which give a good account of the principal features of the spectra.
Exciton self-trapping in simple halide lattices is an established phenomenon. It gives r i s e to broad-band, strongly Stokes-shifted luminescence which has been studied in alkali,' ammonium,' and alkaline-earth3 halides. The selftrapping can be attributed to the formation of a covalent bond between two adjacent excited halide ions, and the resulting X2-2 molecular ion provides metastable singlet and triplet states with which the characteristic short-and longlived luminescent transitions can be reasonably well e~p l a i n e d .~ In pure materials at low temperatures, a significant fraction of any energy i mparted to the electronic system is at some stage stored in these states. The present work conc e r n s absorption spectra arising from the longerlived states of self-trapped excitons in several alkali halides. The model with which the luminescent transitions have been interpreted will be shown to furnish also a straightforward account of the higher excited states involved in the absorption.
The basic experiment consisted of time-resolved measurements of absorption and emission spectra produced by single-pulse excitation from an electron source of 500 keV mean energy. The apparatus has been described p r e v i~u s l y .~ A novel aspect of this system i s the use of a light beam which reflects internally at a low angle from the crystal face being irradiated. This geometry maximizes the light path through the irradiated volume, which is thin (~0 . 5 mm) because of the low penetration of the electron beam. For m o r e accurate spectral resolution, the system was augmented by a simple rotating-mirror scanning device capable of sweeping at r a t e s up to 6 nm/psec. Repetitive excitation and a digital signal averager were used when it was desired to minimize the intensity of a given pulse in o rd e r to hold transient heating effects to tolerable level. on the verge of accessibility with this apparatus.
Observed absorption was identified a s due to self-trapped excitons principally on the basis of decay-time correlations with the luminescence. A typical example is shown in Fig. 1 , where the decay of the 3.38-eV triplet-state emission band in NaCl is compared with the decays of two prominent new absorption bands. The sample temperature was 8 * 2OK. Each point represents a separ a t e channel of the signal averager, ten runs having been averaged for the absorption data in this example. Within the experimental accuracy, the three curves a r e parallel and exhibit identical lifetimes of 3.4 x sec." This time c o r r elation p e r s i s t s well into the temperature range where the lifetimes begin to decrease markedly because of thermally activated nonradiative trans i t i o n~.~ These facts lead us to infer that the lowe s t triplet self-trapped-exciton state is the o r igin of the absorption at these wavelengths. Figure 2 shows transient absorption spectra for three alkali chlorides at 8 i 2°K. Each solid curve represents that p a r t of the initial absorption which decays in proportion to the intensity of the triplet-state luminescence. The electron pulse also creates transient and stable F, H , and V , centers which contribute to the absorption. In KC1, for example, F and H centers give strong nonexponential components of roughly 1 5 p s e c duration. The large time difference between these and the 5-msec self-trapped-exciton absorption makes their separation straightforward. F a s t transients in the F and H bands were f i r s t observed at 10°K by Kondo -et al. and were attributed to mutual annihilation of F and H cent e r~.~
The approximate amounts of stable color-cent e r absorption produced by one pulse a r e shown a s the dashed bands in Fig. 2 . Although the Fband corrections were fairly clear from the data, inflections in the solid curves near the peaks of the F bands for KC1 and NaCl a r e nevertheless subject to some uncertainty. Additional measurements imply that the appearance of stable V , centers in the spectrum for KC1 is correlated with the relatively large concentration of F cent e r s , which act as electron t r a p s and thereby stabilize the V , centers. As is the c a s e for the luminescence, t r a c e impurities o r accumulated radiation damage appear to have no significant influence on the absorption spectra. The KC1 spectrum of Fig. 2 , for example, comes from an ultrapure, zone-refined crystal, but spectra from Harshaw crystals were similar.
New transient absorptions correlated with the luminescent triplet states have also been observed in KBr, RbBr, KI, and RbI. Spectral measurements have been completed only on the two bromides, whose spectra strongly resemble that of KC1 in Fig. 2 . Peak energies a r e given in Table I for the three most prominent bands. Only two bands a r e noted for NaC1, for which the Let us now consider the electronic states which give r i s e to these optical transitions. The luminescence data have shown that the ionized state of the self-trapped exciton is in fact the selftrapped hole, o r V , center. This center is basically an X, ' molecular ion and, in the chlorides, i t s predominant absorption band at approximately 3.4 eV has been identified a s a (~, 3 p ) ( n , 3 p )~ x(n,3P)4(a, 3PY, 2Cg+-(0, 3~)~( 7 1~3~)~( 1 1 , 3~)~( 0~ 3P), '2,' transition.'1112 We designate these configurations B and A , respectively. F o r the lowest state of the exciton, it is reasonable to assign the electron to a og4s orbital having substantial amplitude on the ions neighboring the V , -like absorption should therefore p e r s i s t in the exciton, and consequently we attribute the absorption in the 3-to 4-eV range to this type of hole transition. The peak i s 0.3 eV above the known V , peak energy in all three chlorides. Regarding the absorption in the 1-to 3-eVrange, the logical source is a sequence of Rydberg-like transitions converging to the conduction band edge. The electron orbitals involved would be lso,, 2pu,, 2PrU, etc., employing an eclectic but convenient notation. It is apparent in Fig. 2 that the shifts in this absorption from crystal to crystal a r e simil a r to the shifts for electron-excess color cent e r s , in particular F and M centers.
Energy-level assignments based on the present considerations a r e shown for the three chlorides in Fig. 3 . Selection rules on multiplicity and parity have been taken into account. The lowest triplet state is placed at z e r o energy since it originates all transitions under consideration. Figure 3 pertains only to lattice configurations characteristic of the ' C,+ state; that is, FranckCondon transitions a r e assumed. The free-exciton state represents an exciton which has e scaped the trapping site; the energy of this state relative to the lCg+ ground state is just the peak energy of the f i r s t exciton absorption band in the perfect crystal. From the location of the free-: [ " . " The conduction band edge or Rydberg s e r i e s limit, A2Cut, cannot be located accurately on the basis of the spectra in Fig. 2 . Only a rough estimate has been made, partly by comparison with Rydberg-like color-center absorptions in these crystals.13 This results in placement of the conduction-band edges within the ranges of uncertainty indicated by the c r o s s hatchings in Fig. 3 . It thus becomes evident that the optical ionization energies of self-trapped excitons a r e substantially greater than the 0.5-to 1.0-eV free-exciton binding energies inferred from various fundamental spectra.14 It is apparent also that the Blsa,3C,+ states a r e degenerate with the conduction bands.
There a r e two possible interpretations for the doublet structures in the 1.5-to 2.1-eV range in KC1 and RbCl (and also KBr and RbBr): transitions to 20-and 3P-like orbitals o r to molecularfield-split 2po, and 2P7ru orbitals. The relative strengths seem to favor the latter assignment, and the designations in Fig. 3 reflect this choice. Note in Table I that the doublet splittings a r e about 0.2 eV in both the chlorides and the bromides.
In light of the present data, it i s useful to com-VOLUME 25, N~~~~~ 7 P H Y S I C A L R E p a r e the self-trapped exciton with a well-known color center, the M center. With r e s p e c t t o the c h a r a c t e r of the excited electron orbital, the transitions which give rise to the M, and M, absorption bands are s i m i l a r to our proposed molecular-field-split Rydberg transitions; i n fact, f o r the c r y s t a l s in Table I, A m o r e extensive account of the p r e s e n t work will b e published. 40, 1361 (1969) .
V I E W L E T T E R S
17 AUGUST 1970 ' 1 n KC1 and RbCl normal excitation pulses produced sufficient heating to cause fast transients in the decays. Only these two crystals were affected, evidently because their thermal quench temperatures (e12"K) are lower than those for the other crystals by at least a factor of 3. It proved possible to work with pulse energies low enough to eliminate these transients. The pulses ranged in energy density from 0.004 to 0.02 ~/ c m ' and were roughly 5 nsec in duration. Rise times for absorption and luminescence were less than the time resolution, roughly 20 nsec. his lifetime i s roughly 10% larger than that reported in Ref. 4 . The origin of the discrepancy is not understood. The present data are reproducible and are considered the more reliable. 8Jf a given state originates both absorption and emission and if the radiative transition probability is independent of temperature, then the absorption will be proportional to the emission intensity. In RbC1, uniquely among the crystals investigated, the decay was slightly nonexponential even for the lowest intensities of excitation. Tangents to the curve gave lifetimes ranging from 5 to 10 msec. The absorption was nevertheless also proportional to the emission intensity.
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